Background: Huntington disease is a fatal, autosomal dominant, neurodegenerative disorder manifest by the triad of a movement disorder, behavioral
Introduction
Huntington disease (HD) is an inherited neurodegenerative condition characterized by the combination of a movement disorder, neuropsychiatric features, and dementia. Symptoms of HD most commonly start in the fourth to sixth decade, although disease onset in the extremes of life is also seen. 1 Mood disturbances, subtle cognitive changes, and motor features (with chorea being the most common in adult-onset HD) dominate early in the condition; as the disease advances, behavioral changes, dementia, and postural instability become prominent. HD progresses relatively slowly, but significant physical and psychiatric morbidity exist throughout its course and have major impacts on both patient and caregiver wellbeing. The majority of patients will die within 10-30 years of diagnosis, typically from complications of dementia or worsening motor decline.
With no cure or disease-modifying therapy for HD, all of our currently available therapeutic options for motor and psychiatric symptoms are by definition palliative: aimed at alleviating suffering for patients and caregivers. Neurologists should feel comfortable applying these ''primary'' palliative care principles to all stages of care for patients with HD; the purpose of this paper, however, is not to review the symptomatic treatment for HD. 4 Instead, we aim to consider the principles more specific to specialty palliative care. As the disease progresses, neurologists, including movement disorder specialists, are often ill-equipped to oversee and manage intractable non-neurological symptoms, mitigate patient and caregiver burden, or facilitate difficult end-of-life care discussions. Palliative care specialists can effectively manage these features, but many are unfamiliar with neurodegenerative conditions, including HD, limiting provider comfort. 5, 6 Effective care at this stage of disease therefore requires the coordinated efforts of a multidisciplinary care team, often including a HD-specialized neurologist, social worker, and nurse, an actively engaged family or nursing facility staff, and, ideally, a neuropsychiatrist, dietician, speech pathologist, physical and occupational therapist, and palliative care specialist; unfortunately, access to this level of care is limited. 7 Current literature on the application of specialty palliative care to patients with HD is relatively limited, although best practices with multidisciplinary team care in other conditions employ many of these principles. We aim to provide a review of the literature that does exist regarding palliative care in HD, and will also discuss our experience with the management of the condition, its phases, and the unique palliative care needs that should be considered in individuals with HD.
We conducted a search of the PubMed database for papers and studies evaluating the role of palliative care in HD as well as other neurodegenerative and chronic medical conditions using search terms related to palliative care in these conditions. The authors also identified articles for inclusion from knowledge of relevant literature in the field. This yielded a non-exhaustive collection of articles on the topics discussed here. Cases included in this article are taken from the authors' personal experiences in treating individuals with HD; all names used have been changed to protect confidentiality.
Early disease burden, unawareness of disease, and the challenge to care
Case 1
Susan was identified as a carrier of the HD mutation following predictive genetic testing. She was initially asymptomatic, but within the first few years following her genetic diagnosis, her motor and psychiatric burden dramatically increased. She developed generalized chorea, impaired coordination, and imbalance with regular falls. Despite her obvious difficulties, she could not see the need for physical support. Her pre-existing depression and anxiety worsened; panic attacks increased and her refractory depression overcame her. She became more erratic at work but was not aware of these difficulties herself, eventually being terminated rather than leaving voluntarily. In addition, her home life deteriorated, cascading into disarray with an abusive relationship and loss of custody of her children. Susan's loved ones and her care team saw all this happening and tried to intervene. But what was so obvious to outsiders, was not seen by Susan.
The physical symptom burden of most oncological and medical diagnoses increases as the diseases advance, driving and reinforcing the misconception that palliative care is meant exclusively for late-stage disease and patients meeting hospice criteria. However, the effects of caregiver burden, psychological distress, and demoralization on quality of life throughout the course of chronic diseases has driven increasing recognition of the role of early palliative care with trends of increased accessibility and utility of palliative care in the chronic management of those with cancer, congestive heart failure, dementia, and PD. [8] [9] [10] [11] HD is unique in comparison, with prominent and debilitating early physical and psychiatric burden in addition to the psychological distress common to other chronic diseases. This highlights the potentially greater need for specialty palliative care involvement, or at least the application of dedicated palliative principles, early in the condition.
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Motor features are required to make a diagnosis of clinically manifest HD, but many patients are unaware of these symptoms. Patients may deny or under-report motor symptoms and are often unaware of their consequences despite caregiver reports of bothersome, painful, or disabling chorea, dystonia, or gait dysfunction. 13 This poses a unique challenge to the care of individuals with HD as the lack of insight into the features of their disease may make them reluctant to initiate or be compliant with symptomatic therapy. 13 Psychiatric symptoms can also be significantly disabling in early disease stages. However, patient agnosia extends into the psychiatric manifestations of HD. Many patients do not offer symptoms without directed prompting, resulting in psychiatric disease that is inadequately recognized or managed.
14 Clinically significant mood disorders are highly prevalent throughout the disease course, with depression present in up to 40% of those with stage 1 disease. [14] [15] [16] Irritability, anxiety, behavioral disturbances, and subtle cognitive changes are also highly prevalent early in HD. 15, 16 As HD progresses, the social toll of the disease becomes significant as well. Patients invariably need to stop working because of cognitive, psychiatric, or motor disease, and the financial strain can be profound. 2 Caregivers become increasingly frustrated and intimate relationships are strained as the psychiatric and motor manifestations of the disease worsen. 17 And many patients remain unaware of the disarray that can overtake their life. So where does the problem arise? The early burden of the disease is well recognized, yet unmet needs remain and are common. 18 First, providers less familiar with the care of patients with HD may not be aware of the agnosia common to the condition, resulting in underrecognition of disability. Second, patients and caregivers lack education on HD and cannot adequately advocate for patients who may not advocate for themselves. And, last, there are times, including early in the disease process, when symptom burden extends beyond provider comfort. 19 In our practice, we attempt to manage these challenges by educating our patients and their families to be advocates for their own care, through our physicians and an HD-specialized social worker. This empowers those receiving care to know what to expect and how to navigate challenging symptoms. Establishing patient and caregiver trust in provider care is also essential in managing the ''nothing is wrong'' attitude of many with HD. Education plays a major role here as well, with discussion of the rationale for symptomatic therapy, by directing attention to unnoticed symptoms or caregiver burden, which are necessary for the patient to agree to initiate and continue treatment. Last, we systematically evaluate the presence of common symptoms, including mood, even when patients or caregivers do not mention them. This is done not only during patient visits, but also through communication with concerned family and friends between visits; direct involvement of these individuals in care is essential to identify and understand patient symptoms. And when symptoms are identified, we feel comfortable with the initiation and management of symptomatic therapy for the diverse motor, cognitive, and psychiatric symptoms of HD.
Palliative, symptom-directed care does clearly have a role in early HD. In our practice, we provide many of these palliative services ourselves, and specialty palliative care is typically reserved for those with intractable pain, difficulty coping with their diagnosis, or latestage disease. For the majority of providers without these resources, being aware of these common features of HD, and how to manage them, represents an important first step in mitigating early disease burden. Beyond this, palliative care can be an appropriate adjunct to care, particularly when psychiatric or somatic symptom burden extends beyond the comfort of the treating provider. 3 This is not to say palliative care should be utilized for every patient with difficult to manage symptoms. Motor features are best treated by a neurologist, and intractable mood or psychotic symptoms best treated by a psychiatrist. But for those with pain, anxiety, sleep disturbances, and difficulty coping with their diagnosis, referral to palliative care should be strongly considered.
It is currently unclear which symptoms or at what point a referral to palliative care for symptomatic management should be made in HD, and future research should attempt to establish guidelines and standardize care.
Caregiver burden

Case 2
Annie was diagnosed with HD at age 52, more than 20 years into her marriage with John. John was a loving husband and willing caregiver, but within 5 years of her diagnosis he was experiencing the burden that HD exerts not only on patients, but also on their loved ones. He felt confined by Annie's needs; he didn't have personal time; he was overwhelmed by thoughts of long-term care planning and the inevitable inability to care for his wife. John felt an immense sense of guilt about asking others for help. The care team intervened, helped to increase Annie's social activities, and provided support for her and John. But her symptoms progressed. Her sleep became erratic, her gait dysfunction worsened, and she became fully dependent on John for all activities of daily living.
John continued to provide care at home until the day he realized he had taken on too much. He helped Annie use the bathroom one night, but fell asleep; she stayed on the toilet until morning, when John realized what had happened. John was distraught and had reached his breaking point: he was depressed, frustrated, and overwhelmed. He was no longer able to provide the care his wife needed.
Caregiver burden and burnout is a well-described phenomenon across chronic diseases, and particularly neurodegenerative conditions including HD. 20 The psychiatric burden of knowing a loved one is suffering from a life-limiting illness is stressful for caregivers, with caregivers having up to a 60% increase in mortality compared to noncaregivers. 21 In neurodegenerative conditions, caregiver quality of life, burnout, and clinically significant depression are highly correlated with the severity of patient physical disability and neuropsychiatric symptoms. 22, 23 Burnout is prevalent among caregivers of those with HD and evidence suggests that the effect of HD on caregiver mood and quality of life is more significant than in other neurodegenerative conditions. 24 Selfreported quality of life among caregivers of individuals with HD is similar to that of patients. 18 The reasons for this significant impact on caregivers may reflect the fact that family caregivers provide the majority of skilled care for individuals with HD; are in the unique position of having to worry about the risk of illness on future generations; are children of the affected patient, not emotionally equipped to take on this role reversal; may lack the knowledge necessary to navigate a complicated disease process; and that HD affects patients in their prime of life, causing significant financial strain and a drastic adjustment in family dynamics, lifestyle, and expectations. 25-27 Despite these challenges, caregivers willingly take on these roles with the relentless and often unexpected demands having a significant impact on caregiver quality of life.
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The need for caregiver support has been well recognized in HD for at least two decades, although gaps in service remain.
28 Available supports include educational materials, home health care or skilled nursing support, respite care, advocacy organizations, and local or online support groups. However, caregiver knowledge of or ability to take advantage of these services is highly variable and often dependent on local resources. 29, 30 It is therefore imperative for neurologists and other providers to educate patients and caregivers about the availability of these services and to provide access. And it is equally important for providers to enquire not only about patient-related symptoms, but also about caregiver wellbeing. 3 Beyond these services, ensuring adequate symptomatic control for patients, actively involving caregivers in care planning, presenting information systematically at a level appropriate for the caregiver, and asking directed questions about caregiver mood and burden can dramatically impact quality of life.
26 Systematic interventions, such as web-based educational seminars, improved provider and caregiver communication, and dedicated nursing care benefit caregiver quality of life in other chronic diseases including cancer and PD, and may have a role in the management of HD as well.
31,32
For caregivers with needs beyond these interventions, specialty palliative care can be offered as an adjunct to care. Outside the psychological and symptom-based support for the patient, palliative care also directs support to caregivers. 33 Specialty palliative care is documented to have a positive impact on caregiver quality of life and psychological distress in other chronic medical and neurological conditions including cancer, dementia, and PD. 34, 35 Particularly for caregivers of patients with high symptom burden, referral can both primarily improve caregiver burden through counseling, reassurance and normalization, and offering respite services, and secondarily improve burden through directed treatment of patient symptomatology.
Advance care planning in HD Case 3
Elaine was adopted, and although her adoptive parents knew about a family history of HD, they wanted to shield her from the burden of knowing she might be affected. However, by her mid-20s, Elaine had developed motor manifestations and was diagnosed through genetic testing. Her parents' desire to protect their daughter continued, avoiding difficult conversations about advancing disease or care preferences. But as Elaine's motor and cognitive disease progressed, the need to address these issues became increasingly apparent. Again, her parents tried to protect her, having conversations without Elaine's input, but they eventually saw the importance of involving Elaine herself.
By this point, Elaine had significant motor burden and her agnosia to her disease was profound; she was confident a cure was just around the corner and could not see how far she had already progressed. It was difficult to engage her in care planning conversations, although with persistence Elaine's wishes became clearer. Her parents led the conversations with the team's assistance, and Elaine's desire for better quality of life, without the use of artificial ventilation or feeding, was realized.
Advance care planning is an approach to end-of-life care that engages patients in decision-making regarding future care, while they are still able to make decisions for themselves. There is strong evidence supporting early advance care planning in individuals suffering from serious medical illnesses including cancer, congestive heart failure, chronic obstructive pulmonary disease, and end-stage renal disease.
36,37
The approach has been shown to improve patient quality of life throughout illness trajectory, increase adherence to personal patient goals, improve bereavement outcomes for family members, reduce the use of life-sustaining therapies near death, prompt earlier hospice referral, and even prolong survival.
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Patient opinions on the optimal timing of care planning are more variable in neurological diseases, although many of the principles still hold, offering patients the option to engage in early discussions regarding goals of care that are recommended across neurological diagnoses including glioblastoma, ALS, and PD. 38, 39 Unfortunately, current practice patterns fall short of achieving this goal. Medical and neurological providers are uncomfortable leading the conversation, citing inexperience and the lack of a structured framework. 40 Time constraints, lack of consensus between patients and family, and provider concerns about confronting patients with their own mortality also lead to delayed or ineffective conversations. 41 Beyond these, advance care planning has unique challenges in HD. Apathy and cognitive decline may limit patient willingness and ability to engage in these conversations; patients may have an unexpected rapid decline; and patients and caregivers may not recognize the need for these conversations until it is too late because of misperceptions of disease severity. 42 Most challenging in HD, however, are the questions that remain around the timing of these conversations. Unlike most other neurodegenerative conditions, patients with HD may receive a diagnosis years before symptom onset through predictive testing. So is an ''early'' conversation at the time of genetic diagnosis, reminding a patient of their inevitable disease? This scenario is particularly challenging given the timing of disease onset and progression of disease is often unclear. Should we wait until a patient has manifest clinical symptoms, a time that is often fraught with the emotions of coping with the reality of a chronic and life-limiting diagnosis? Or is there a time later in the disease course, and if so, when is that and when is it too late given the impact of disease on cognitive function and decision-making? These questions are currently unanswered, and further evaluation of patient and caregiver preferences for advance care planning in HD is necessary. However, what is clear from the literature is that the conversation should be initiated by the physician and regularly readdressed. 33 In our practice, we conduct these conversations ourselves and generally reserve them until patients show signs of advancing disease, with worsening gait or motor function, early swallowing difficulties, or early cognitive changes or behavioral disturbances. For those patients and caregivers not ready for these conversations, education about the rationale for addressing care preferences is undertaken, and the conversation is readdressed until they are ready. Topics discussed include wishes regarding artificial feeding, mechanical ventilation, cardiopulmonary resuscitation, end-of-life care settings, and patient and caregiver concerns, goals, and fears. Neurologists caring for individuals with HD should feel comfortable initiating and leading these conversations. However, for providers with limited experience or for more complicated end-of-life care discussions, specialty palliative care again represents a useful tool. Palliative care specialists are trained and experienced in navigating these difficult topics. Although the conversation should be initiated by the patient's treating provider, involvement of a palliative care specialist in a neurologist-led advance care directive discussion or through dedicated referral can enhance the doctor-patient relationship and can enhance patient and caregiver confidence in their future care. 33 Care settings in advanced disease and at the end of life
Case 4
Tony was fiercely independent, and for him driving and being at home had always been representations of that independence. He was diagnosed with HD at age 53, and by age 60 his disease had progressed to the point that he was no longer safe on the road. After numerous accidents, the care team needed to contact the Department of Motor Vehicles, and Tony lost his license. He suddenly felt trapped at home, became more depressed, and increased his smoking to an essentially nonstop stream of cigarettes. Tony's behavior became more erratic, and his motor function decompensated. He was hospitalized after a fall, and had to move to a nursing home given his increasing dependence on others. Although he made some functional gains there, he was unable to return home because of his impaired sight, his skilled nursing needs, and the financial pressures of providing care at home. He felt abandoned, lonely, and dejected by his loss of independence, the one thing he had valued so greatly.
HD is broadly divided into five stages, with advancing disease stages corresponding with advancing cognitive and physical symptoms. Stages IV and V typically begin 10-20 years after disease onset, and are characterized by the need for advanced nursing care and complete or nearcomplete dependence on caregivers for all activities of daily living. 2, 43 Given these changes, the majority of individuals with advanced HD live outside the home, most commonly in skilled nursing or long-term care facilities. 44 However, as previously noted, severe behavioral disturbances including psychosis or agitation may be present in earlier disease stages and may also dictate the need for higher-level care facilities. 45 Dying in a person's preferred place of death is one of the central tenets of palliative care. Between 50% and 87% of all individuals indicate that home is the preferred place of death; this preference holds in those with cancer and dementia diagnoses.
46,47 Current data on place of death in HD are lacking. However, with the majority of those with advanced disease living in care facilities, most are likely to die in these settings or in hospitals. A European cohort found that less than 25% of those with HD die at home. 48 Although the home is often an inadequate setting to provide care leading up to the end of life in HD, there are alternatives for patients to die at home or in a home-like environment. For those who have lived in a nursing facility for many years, it can feel like home for patients and their families, making it the most comfortable place to be at the end of life. Those receiving hospice benefits have an option to transition care to the home, with the support of hospice nursing. Hospice homes offer a comfortable home-like environment at the end of life and can also be considered in those with HD. 49 In our experience, for those patients and families who oppose the transition to a higher-level care facility, care in the home, with the support of home nursing, a multidisciplinary HD team, and significant social supports, can be achieved.
End of life care: an unpredictable progression
Case 5
Jim had been diagnosed with HD nearly 13 years earlier and he had progressed to late-stage disease. He continued to live at home with home nursing and a supportive family. Jim remained able to communicate, despite his advanced disease, but he fell frequently, was increasingly depressed, and was losing weight. Jim had been hospitalized three times in the same number of months with episodes of unresponsiveness in the setting of recurrent aspiration pneumonias. With each hospitalization, Jim's family had been told that it was the end, yet Jim would surprise everyone, recovering and returning home. A hospice was repeatedly discussed, but Jim didn't feel ready, worried that enrolling in a hospice meant giving up.
Jim eventually met the hospice admission criteria and agreed to referral with more rapidly advancing swallowing difficulties and an inability to maintain an adequate weight. He and his family agreed to hospice admission, and he was moved to a hospice home. He became unresponsive again one day, and his family prepared to say goodbye for the last time. Yet Jim recovered again, becoming more conversant, but also irritable and agitated. His mood and behavior continued to fluctuate over the following days and his hospice team questioned whether he was still eligible for their services. Our care team and Jim's family advocated for him: that the terminal phase of HD is unpredictable, and Jim remained there, dying peacefully within the week.
Hospice care refers to a purely palliative approach to end-of-life care, specifically directed toward improving quality of life for those with a prognosis of 6 months or less. Beyond symptom-directed care, the hospice also provides dedicated nursing, counseling, respite care, and familial support, including bereavement services. It can be an invaluable asset for dying patients.
Modern hospice care was conceptualized more than 50 years ago and the 6-month requirement for hospice candidacy developed from the relatively predictable decline in patients with terminal cancer, the population traditionally enrolled. 50 Unlike oncologic diagnoses, however, most other terminal illnesses including HD have a less predictable trajectory at the end of life, with significant fluctuation and variance in patient course once they enter ''end-stage'' disease. 51 Patients approach what seems like the end of life, then recover; or patients have a sudden worsening that results in death unexpectedly. Individuals with HD can qualify for the Medicare hospice benefit through criteria for dementing illnesses (Table 1) . 52 However, these Despite recognition of the limited reliability of these criteria to predict 6-month mortality in dementia patients, attempts to create alternative criteria have been unsuccessful. 54 Further, it is unclear if there are disease-specific predictive features that may be important to consider in various forms of dementia, including HD. Ongoing advocacy for patients with HD is therefore important, to ensure that those with HD and their families have the support needed at the end of life. We recommend hospice for any patient who has significant weight loss in the setting of swallowing dysfunction (with feeding tube not desired), or those with likely fatal comorbid disease. However, beyond these more traditional criteria for enrollment, hospice is discussed with patients and caregivers of any individual with HD who has become fully dependent on others to carry out activities of daily living. In our experience, advocacy for hospice admission for patients at this stage is successful in obtaining services, increasing access to care, and improving symptom control and quality of life for patients and caregivers.
Conclusions and future work
A palliative approach to care is an ideal match for the management of those with HD. The chronic and degenerative nature of the disease, the significant early symptomatology, and the psychological impact of HD on patients and caregivers demonstrate potential indications for this care throughout the disease course. In our experience, and that of most other groups specialized in the care of patients with HD, palliative principles are already integrated through a multidisciplinary care team, with an HD-specialized neurologist and social worker recognizing patient and caregiver needs and coordinating care with the various other specialties. What is unclear in the literature or in practice is whether there are circumstances before the end of life where specialty palliative care is a superior alternative or adjunct to this teambased approach. Identifying these factors is important not only for patients and providers with access to integrated team care, but also, and potentially more importantly, for the majority without this access.
Significant gaps remain in our knowledge of the role of specialty palliative care in the management of patients with HD. Ongoing work should evaluate this role in both early and late-stage HD, and should strive to answer the following questions:
1)
Are there symptoms or transition points in the course of HD that should be used to standardize referral to specialty palliative care? 2)
How can we better educate neurologists, palliative care specialists, and other providers who may interact with individuals with HD to optimize patient care and caregiver support throughout the disease course? 3)
Are there reliable indicators or points in the disease course to initiate advance care planning discussions?
4)
Where are patients with HD dying, and is this congruent with patient and caregiver preferred place of death? 5)
How can we establish less restrictive and more predictive criteria for hospice admission in HD to improve access to care?
Ongoing work to systematically evaluate and establish better guidelines for palliative care utilization and hospice admission are necessary. However, even without these, providers can work to offer patients and families a meaningful and dignified approach to HD: by providing support for families through an unpredictable course; by establishing realistic goals and expectations about the illness and end of life; and by maintaining a commitment to patient care preferences and quality of life.
